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Abstract 
The Obg/Era proteins of P-loop GTPase superclass are conserved in various prokaryotic and eukaryotic organisms. Some of 
these proteins are critical regulators of many aspects of basic cellular processes, including ribosome biogenesis, translation and 
signal transduction. However, a genome-wide overview of the Obg/EraGTPase genes in plants is not available. Recently studies 
on comprehensive genomic analyses of Arabidopsis thaliana identified 11 Obg-Hflx like GTPase genes that are divided into nine 
families/subfamilies: Archaea-related Drg and Nog1, and Eubacteria-related Obg, EngB, HflX, Era, TrmE, EngA, and EngD. In 
this study we found that Arabidopsis has 3 (three) Drg homologue proteins, namely AtDrg1-1, AtDrg1-2 and AtDrg1-3. 
Subcellular localization analysis of Arabidopsis Obg-Hflx homologues revealed that Archaea-derived Drg proteins are mainly 
targeted to cytoplasm, except Drg1-3 was detected not only in cytoplasm but also in nucleus. Furthermore, based on expression 
pattern profiling indicates that Drg1-1 and Drg1-2 were expressed constitutively trough plant development. On the other hand, 
Drg1-3 was detected in dry seed and under stress plant. 
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1. Introduction 
The GTP-binding proteins (GTPases) are found in all domains of life. They are critical regulators of many aspects 
of basic cellular processes, including translation, cellular transport and signal transduction. Genomic studies have 
revealed a superclass of phosphate-binding (P-loop) GTPases conserved in widely various organisms. These 
GTPases are represented by Obg and Era, which were identified originally in Bacillus subtilis and Escherichia coli, 
respectively. The Obg is a member of the Obg-HflX superfamily, which consists of five subfamilies: Obg, EngD, 
HflX, Ygr210, Nog1, and Drg[1]. The Era-TrmE superfamily includes six families: Era, TrmE, EngA, EngD, FeoB, 
and Septin[1]. Extensive prior work has been undertaken to elucidate eubacterialObg and Era functions. The Obg 
proteins are known to be involved in multiple cellular processes, including cell growth [2,3], morphological 
differentiation [4], DNA replication [5, 6], and chromosome partitioning [7] in E. coli and other eubacteria. 
Furthermore, increasing evidence suggests that eubacterialObg is involved in regulation of protein synthesis and/or 
ribosome functions [8, 9, 10, 11]. 
However, very little is known about the compartmentation of the Archaea and eubacteria-like Obg/HflxGTPase 
proteins in eukaryotes. Considering their origin, it is interesting to know whether the Obg/Hflx-like GTPase proteins 
work in cytoplasm compartments or in some symbiotic organelles, such as mitochondria and chloroplasts. In this 
report, we performed bioinformatic analysis, and genes cloning of Developmentally regulated GTP-binding proteins 
(DRGs) gene/proteins, and reveal their conservation in amino acid sequence and their sub cellular localization. It is 
suggesting their complect function in plant development and under stress condition. 
2. Materials and Methods 
2.1. Blast Search, Phylogenetic Analysis and classification 
Fasta searches of the genes was performed on the NCBI, TAIR, and the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) database, using known amino acid sequences from each subfamily as queries. The amino acid 
sequences of the Obg-Era homologue were then aligned using the ClustalX program [12]. Phylogenetic analyses 
were performed on the protist and neighbor programs of the phylip 3.6 package [13]. The phylogenetic tree was 
inferred using the neighbor-joining method [14] and tested using 100 replications of bootstrap analysis using seqboot 
and consense programs in the same package. The data was later visualized as phylogenetic trees using the treeview 
program [15]. The names and classifications proposed herein were based on P-loop protein classification [1]. 
2.2. Plant, cell and growth condition 
Arabidopsis WT seed was leaved for seedling and grown on jeffy medium under continuous light at 23OC 
constant temperature.  Arabidopsis culture cells were grown in MS medium with continuous sacking under 23OC and 
dark condition. 
2.3. Molecular cloning and transient expression assay  
Either Arabidopsis thaliana RT-cDNA pool or derivates from total m-RNA and cDNA library were used as a 
template in this study.  Each gene was cloned into PUC 18 vector in front of GFP sites.  The chimera plasmid was 
then transiently expressed in A. thaliana protoplast from either leaves or culture cells, using PEG (Poly Ethylene 
Glycol) system [16, 17].  After overnight incubation in 23OC, GFP signal was observed using Confocal Laser 
Scanning Microscope (CLSM). 
2.4. Expression analysis based on microarray data 
Absolute signal intensity values was achieved as micro-array data were obtained from “The Bio-Array Resource 
for Arabidopsis Functional Genomics (BAR)” (http://bar.utoronto.ca/). Data corresponding to the developmental 
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stages of Arabidopsis thaliana were normalized for gray scale such that the signal corresponding to intensity of 550 
was assigned to the value of 100% (black) and absence of signal (white). 
3. Resultsand Discussion 
3.1. Genome-wide identification of the Obg/Era genes in plants 
The Obg/Era homologue proteins are P-loop GTPases that belong to a class of traffac (translation factor) and 
which play crucial roles in various cellular processes [1]. Nevertheless, very little information related to plant 
Obg/Era genes exists in the literature. Consequently, a genome-wide search of proteins containing Obg/Era 
superfamilies signatures was conducted to identify all members of family genes encoded in three model plant 
genomes: Arabidopsis thaliana (dicot), Oryza sativa (monocot) and Cyanidioschyzon merolae (red algae). The 
identified plant genes were compared with those of human, Saccharomyces cerevisiae (yeast), E. coli (eubacteria) 
and Thermococcus kodakaraensis (archaea) genes. The Obg/Era genes are divided into 11 families/subfamilies, 
which are grouped into two distinct super families: the Obg-HflX super family comprises two families (Obg and 
Hflx) with six subfamilies (Obg, EngD, Ygr210, Nog1, Drg, and HflX) (Table 1). Higher plants have a larger number 
of Obg/Era GTPase genes (19 genes in Arabidopsis and 16 genes in rice) compared to red algae (11 genes in C. 
merolae), mammals (8 genes in human), fungi (7 genes in yeast), eubacteria (8 genes in E. coli), and archaea (7 
genes in T. kodakaraensis). We identified 11 Obg-HflX super family genes in five subfamilies (Obg, EngB, Nog1, 
Drg, and HflX) (Fig. 1) and 8 Era-TrmE family genes in four families (Era, TrmE, EngA, and EngD) in Arabidopsis 
(data not shown). Arabidopsis lacks Ygr210 subfamily and FeoB family genes. Rice and C. merolae also have all 
subfamily genes that are identified in Arabidopsis, but lack Ygr210 and FeoB, suggesting that all plants require the 
same sets of Obg/Era GTPase proteins. Other eukaryotes lack several genes that are conserved in plants. 
Saccharomyces cerevisiae lacks HflX, Era, and EngA genes. Human lacks EngA gene, but retains all other subfamily 
genes. 
One interesting feature of higher plant Obg/Era genes is the presence of multiple genes in each family/subfamily. 
Higher plant genes are highly polymorphic. We identified two or three genes in all Obg/Era families/subfamilies in 
Arabidopsis, except for TrmE. In marked contrast, human encodes single genes in each subfamily except for Obg 
and Drg subfamilies. However, it is noteworthy that fewer genes exist in each subfamily in C. merolae than in 
higher plants. 
 
 
 
Fig. 1.OBG-Hflx-like Superfamily and TrmE-Era-EngA-YihA-Septin-like Superfamily in Arabidopsis genome.Here we show the name and 
classification of each protein according classification proposed by leape et al. [1]. There are 11 proteins belong to Obg-Hflx super-family. There 
are paralogue of protein in each sub-family except Hflx family, but Arabidopsis lack of protein belong to Ygr210 sub-family. Arabidopsis has 3 
Drg genes/proteins which no homologue on bacteria. 
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Fig. 2. UnrootedPyhylogenetic trees of Drg subfamily genes.Eukaryotic Drg formed two clades (type1 and 2) which are distinct from archaeal 
clade. In each clade, animal and plant Drg each formed a monophyletic group. 
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Fig. 3. Transient expression analysis of Drg-fused GFP protein on Arabidopsis protoplast.Transient expression of DRG-GFP and NOG1-GFP 
fusion proteins in ArabidopsisProtoplasts. Drg1-1 and Drg 1-2 are cytoplasmic proteins. Drg1-3 is targeted to both the cytoplasm and nucleus 
(dual targeting). (i) Chlorophyll autofluorescence, (ii) GFP signal, (iii) Dic images, and (iv) merged images of red and green. Scale bars are 10 
μm. 
The Drg sequences were grouped by two domains of life: archaea and eukaryotes. No Drg homologue was found 
in eubacteria. Consequently, Drg1 genes are assumed to be derived from archaeal ancestors. In contrast, other 
subfamily genes such as Obg, EngD, TrmE, Era, and EngA have homologues in eubacteria and eukaryotes, but not 
in archaea, suggesting that they are derived from eubacterial ancestors. Both HflX and EngB are largely conserved in 
eubacteria and eukaryotes and partly in archaea. 
3.2. Comprehensive phylogenetic analysis and sub-cellular localization of archaea-related Drg genes 
In-depth phylogenetic analyses were performed using Neighbor-Joining (NJ) method. Fig. 2 shows a NJ tree of 
Drg homologues inferred from an alignment of whole amino acid sequences. Eukaryotic Drg formed two clades 
(type 1 and 2) that are distinct from archaeal clade. In each clade, animal and plant Drg each formed a monophyletic 
group. The monophily of DRG clades received strong bootstrap support (66% for type 1, 100% for type 2). All 
plants including Arabidopsis, rice and C. merolae have at least one Drg gene in each clade, suggesting that type 1 
and type 2 Drg GTPases have specific and essential roles. Subcellular localization analysis revealed that all plant 
Drg proteins are mainly targeted to cytoplasm, as reported before in ref [18], whereas type 1 (Drg1-3) was detected 
in both cytoplasm and nuclei (Table 1 and  Fig.3). 
 
Table 1. Sub cellular localization of Drg proteins. All Drg proteins were detected in cytoplasm, but Drg1-3 was also 
targeted to nucleus. Prediction was done based on computational system on TargetP 1.1 
Server(www.cbs.dtu.dk/services/TargetP/) and WoLF PSORT (http://wolfpsort.org/). Sub cellular localization on 
Arabidopsis cell/protoplast was done based on transient expression system using GFP-fused protein on PUC-18 Vector. 
Gene name  Prediction GFP-fused protein expression 
At Drg1-1 Cytoplasm Cytoplasm 
At Drg1-2 Cytoplasm / nucleus Cytoplasm 
At Drg1-3 Cytoplasm Cytoplasm and nucleus 
 
The Drg genes are conserved among archaea and eukaryotes, but not eubacteria, suggesting their archaeal origin. 
The Drg proteins have been shown to be cytoplasmic proteins in yeast and human cells, which play a critical role in 
cell growth [19, 20]. Eukaryotic Drg homologues formed two distinct clades (type 1 and 2), and all plant and animal 
cells have one homologue in each clade. Results show that all Arabidopsis Drg1 proteins are also localized in 
cytoplasm (and/or nucleus in the case of Drg1–3), suggesting that Drg genes of two types and might have distinct 
roles in cytoplasm. Their functions are likely conserved among plant and animal cells. 
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Fig. 4. Expression patterns of Drg family genes during plant development.Black shows the equivalent to the 550 signal intensity (SI). No 
expression is shown as SI=0 or white. Data were derived from http://www.bar.utoronto.ca/. 
3.3. Expression analysis based on microarray data 
According to the global microarray gene expression analysis throughout Arabidopsis development [21],Drg 
proteins were expressed in two difference patterns (Fig.4). Drg1-1 and Drg1-2 were constitutively expressed through 
all plant development stages, from the seed imbibitions until sex organs development. On the other hand, Drg1-3 has 
shown almost no expression during plant development. The expression of Drg1-3 was only detected in dry seed. 
Assay on gene expression under heat stress condition indicating rapid transcription of Drg1-3 on shoot and root of 
the plant in between 1- 4 hours after treatment (Fig.5). So far, the physiological and cellular function of these 
proteinsis not clear yet, but studies of the homologue proteins on mammalian system are indicating their 
involvement in ribosomal biogenesis [19,20]. It is also interesting to further analyse their expression and function of 
each protein under stress condition, including under biotic and abiotic stresses. 
 
 
Fig 5. Expression patterns of AtDrg1-3 genes Root and Shoot under heat stress.Under heat treatment, expression of Drg1-3 gene was up regulated. 
Transcription level of this gene was significantly increased in 1 - 4 hour after treatment. 
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4. Summary and Perspective 
In this work we identified 3 (three) genes/proteins of Drg, the Obg homologue small GTPase protein. If you put 
all the above data together, there are 2 type of Arabidopsis Drg, i.a. type 1 (AtDrg1-1 and AtDrg1-2), and type 2 
(AtDrg1-3). Both of these types were derivates from the archaeal ancestor and keep their ancestor identity of GTP 
binding motive during their evolution. The sub cellular localization and expression patterns of these two genes were 
also significantly deferent; the type I-cytoplasm Drg was expressed constitutively along the plant development, 
while type II-dual target cytoplasm and nucleus Drg was almost not expressed during plant growth and development. 
So far we do not have enough information relating these plant Drg proteins/genes. However, functional analysis 
of these proteins should urgently be done. Interesting aspects for attention are: including their involvement in 
ribosomal biogenesis, expression profiling under stress condition and possible unique role of Drg1-3 in nucleus, 
since this homologue protein in other eukaryotes were never reported as nuclear proteins. 
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